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BRAF in the diagnostic 
evaluation of thyroid 
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BRAF on FNAB specimens: 
first studies 
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cytology 

Histology 
papillary thyroid cancer 

Cohen et al., Clin Cancer Res 2004 

B-RAF V600E 
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refinement of  
diagnosis  

in 5/15 samples 



Many molecular markers (e.g., galectin-3, cytokeratin, BRAF) have been evaluated 
to improve diagnostic accuracy for indeterminate nodules. Recent large 
prospective studies have confirmed the ability of genetic markers (BRAF, Ras, 
RET/PTC) and protein markers (galectin-3) to improve preoperative diagnostic 
accuaracy for patients with indeterminate thyroid nodules. Many of these 
markers are available for commercial use in reference laboratories but have not 
yet been widely applied in clinical practice.  
It is likely that some combination of molecular markers will be used in the future 
to optimize management of patients with indeterminate cytology on FNA 
specimens. 

Indeterminate  
cytology 



….molecular and immunohistochemical markers may improve the accuracy of  
cytologic diagnosis, but they do not have consistent predictive value for  
malignancy and their use is still expensive and restricted to specialized centers.  

On the basis of current limited evidence, their routine use in clinical practice  
is not recommended and should be deserved for selected cases. 
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Cantara et al., 2010 

mutations in 28.5% 
cytological samples 

(235 nodules) 

34.3% ras 

49.3% Braf 

16.4% ret/PTC 

cancer in 100% 
histological samples 

cancer in 74% 
histological samples 

41 indeterminate 
7 PTCs at histology 

(2 BRAF, 2 RET/PTC, 2 RAS)	
  



Cantara et al., 2010 

High diagnostic performance of  
combined cytology and molecular analysis  



Nikiforov et al., 2011 



Nikiforov et al., JCE&M 2011 

clinical algorithm for management of patients with 
cytologically indeterminate thyroid FNA applying the 

results of mutational analysis 



The Asuragen miRInform Molecular Panel 





Alexander et al., NEJM 2012 



142 genes to 
identify  

the patterns for  
benign thyroid  
nodules with  
indeterminate  

cytology 

Chudova et al., 2010 

The gene expression classifier 



Benign, Suspicious or  
No Result 

Chudova et al, JCE&M 2010; Image Source:  Affymetrix® 

DAY 1 

DAY 2, 3 

DAY 4 

Extract, purify and measure 
RNA  

Amplify RNA via cDNA 

Run on Afirma  
custom chip 

Run software and  
generate result 

Accession Patient Sample and 
Requisition Form Gene chip 

Sample cDNA 
fragments washed over  
DNA probe array 

Corresponding 
fragments bind  

Intensity of each 
gene is measured 
to determine 
expression level 

multiple steps and multiple days to run the 
Afirma Gene Expression Classifier 

vs 



Performance of the  
Gene-Expression Classifier  

according to the final 
histopathological  

diagnoses for cytologically 
indeterminate samples 

Alexander et al., NEJM 2012 
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Kloos et al., 2013 

Neither GEC test sensitivity nor specificity is 
improved by addition of BRAF mutation testing 



Mutations in 15-25% of FNA specimens  
with a very low frequency  

in atypia/FLUS and  
Follicular Neoplasm sub-types 



In sensitivity analysis, savings were demonstrated  
if molecular testing cost was less than $870 

Yip et al., JCEM 2012 

Medicare reimbursement for this test is currently $650, while the 
range of  reimbursements from private insurers varies up to $950 

Cost of Asuragen miRInform Thyroid panel $2250 

cost savings with molecular testing of 
FNA results in two indeterminate 

cytological categories: FLUS and FN 



GEC in patients with indeterminate thyroid nodules 
overall costs reduction 

quality of life improvement 

Treatment with current standard of care practice 

 without molecular testing = $12,172/pt 

Treatment with current standard of care practice  

with GEC test = $10,719/pt 

(3/4 reduction in the number of unnecessary diagnostic surgeries) 

the Afirma gene classifier  
(3200 $/test) is currently 

not covered by some insurance plans 



Cytology	
  and	
  BRAF	
  determina=on	
  
why	
  not?	
  



Ohori	
  et	
  al.,	
  2013	
  

(0-­‐20%)	
   (0-­‐31%)	
  

Improvement in cyto
logic classi

fication 

 



Xing et al., J Clin Oncol 2009 

Molecular analysis of  
FNAB material: clinical implications 
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Joo et al., JCE&M 2012 

Preoperative BRAF analysis facilitate prediction of  
occult VI level metastatic lymph-nodes 

preoperati
ve identifi

cation of p
atients  

at risk for
 lymph nodal in

volvement 

prophylactic central neck dissection?  



Back	
  to	
  cytology	
  alone?	
  

BRAF	
  V600E	
  muta,on	
  is	
  most	
  common	
  in	
  nodules	
  with	
  other	
  
cytologic	
  risk	
  factors	
  for	
  malignancy,	
  which	
  already	
  warrant	
  a	
  total	
  
thyroidectomy.	
  Therefore,	
  single-­‐muta,on	
  screening	
  for	
  BRAF	
  V600E	
  	
  
does	
  not	
  meaningfully	
  improve	
  preopera,ve	
  risk	
  stra,fica,on	
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with	
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……no	
  meaningful	
  improvement	
  in	
  sensi=vity,	
  specificity,	
  NPV,	
  or	
  PPV	
  when	
  
BRAF	
  tes=ng	
  is	
  added	
  to	
  conven=onal	
  cytology	
  



The evolution in thyroid cancer diagnosis  

Surgery Needle Aspirate 
Cytology Molecular Cytology 

1600’s          1960’s - 1980’s 2012 

Histopathology  

FNA Cytology 
Reduced unnecessary 
surgery, except when 

indeterminate 

FNA Molecular 
Refinement of 

cytology to reduce 
unnecessary diagnostic 

surgery or to tailor 
treatment 



Ferraz……….Paschke, JCE&M 2011 

The goals of molecular FNAB 



Ferraz……….Paschke, JCE&M 2011 

diagnostic algorithms are changing 
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